Villoglandular adenocarcinoma (VGA) is a rare subtype of cervical adenocarcinoma with a more favorable prognosis compared to conventional adenocarcinomas. Although the tumors are usually recognized on colposcopic examination due to the mainly exophytic growth pattern, they may be underdiagnosed as benign lesions by cytology because of their minimal cytologic atypia. We report the liquid-based cytology (LBC) findings of three histologically confirmed VGAs which we have recently identified. They were characterized by hypercellular smears on low-power examination with smooth-bordered three-dimensional papillary fragments. The nuclei were relatively uniform with irregular nuclear membranes. Nucleoli were small but distinct and macronucleoli were also seen. The abnormal architectural patterns such as papillary structures and nuclear overlapping and nuclear hyperchromasia are important clues to the diagnosis of VGA. In addition, nuclear membrane irregularity and prominent nucleoli can be recognized on LBC specimens, further facilitating its diagnosis.
Villoglandular adenocarcinoma (VGA) of the endocervix is an infrequent well-differentiated form of cervical adenocarcinoma, accounting for 3.7% to 4.8% of cervical adenocarcinomas. 1, 2 It has been described predominantly in younger women of less than 40 years of age, and has been reported to have a better prognosis than the more common types of adenocarcinoma, since it is infrequently associated with lymphovascular invasion. [1] [2] [3] [4] [5] [6] [7] Histologically, VGA is characterized by an exophytic growth with long and slender papillary structures and mild nuclear atypia, and the cytologic features of this tumor have been described to be relatively bland-looking compared to conventional adenocarcinomas, potentially leading to an underdiagnosis of reactive cellular changes. [8] [9] [10] [11] Moreover, the cytologic findings of VGA have been reported in only a few reports, [8] [9] [10] [11] and to our knowledge, there is only one case report to date describing the liquidbased cytology (LBC) features of an endocervical adenocarcinoma with villoglandular features. 12 We report herein the LBC (SurePath TM , TriPath Care Technologies, Burlington, NC, USA) findings of three histologically confirmed VGAs which we have recently encountered. Despite the relatively bland-looking cytologic features, two VGAs were associated with lymphovascular invasion or pelvic lymph node metastasis.
CASE REPORTS

Case 1
A 39-year-old woman visited the outpatient clinic with a chief complaint of vaginal bleeding. Colposcopic examination revealed a friable-looking 5×5 cm-sized solid mass in the posterior lip of the uterine cervix which bled easily. A cervicovaginal cytology and a punch biopsy of the lesion was taken. The SurePath TM preparation yielded a hypercellular sample, composed of isolated or tightly cohesive multilayered clusters of neoplastic endocervical cells in a clean background. A few papillary frond-like structures with smooth contours were seen at low power magnification (Fig. 1A) . Nuclear overlapping was also seen. The individual cells showed high nuclear: cytoplasmic ratios, and the nuclei were round to oval with some nuclear membrane irregularity. The nuclei were hyperchromatic with evenly distributed granular chromatin, and nucleoli were distinct. Mitoses and apoptotic debris were occasionally observed ( Fig. 1B-E) . Based on these cytologic findings, the diagnosis of endocervical-type adenocarcinoma was made. The cervical punch biopsy specimen revealed papillary structures with central fibrovascular cores. The papillae were lined by pseudostratified tall columnar non-mucinous epithelium and the degree of nuclear atypia was mild to moderate. Abundant neutrophils and lymphoplasmacytes infiltrated the fibrovascular cores. The patient later underwent a radical hysterectomy with bilateral salpingo-oophorectomy and a bulky exophytic friable papillary mass measuring 5×3×1.5 cm was seen ( Fig. 2A-C) . The mass was confined to the uterine cervix; however, one pelvic lymph node harbored a metastatic carcinoma (Fig. 2D) . The patient received 2 cycles of adjuvant cisplatin treatment and radiotherapy, and is currently healthy at 7 months postoperatively without evidence of disease recurrence.
Case 2
A 55-year-old woman was referred from a local clinic for further evaluation of a cervical mass. The cervicovaginal smear taken at the local clinic was said to be diagnosed as "reactive cellular changes associated with inflammation." Colposcopic examination demonstrated an exophytic mass-like lesion of 2 cm in maximum dimension which was friable to touch. The SurePath TM preparation revealed numerous crowded sheets of columnar cells and papillary structures in an inflammatory background. Nuclear overlapping was seen in the cellular sheets (Fig. 3A, B) . Many individually scattered columnar cells were also seen. The nuclei were uniform, small, elongated and nucleoli were small but visible. The chromatin was moderately granular and evenly distributed. Mitotic figures were occasionally seen. A diagnosis of adenocarcinoma was rendered on the basis of these cytologic findings. A punch biopsy, taken at the same time as the cytology, demonstrated features of VGA characterized by branching or finger-like papillary structures with fibrovascular cores containing an inflammatory infiltrate (Fig. 3C) . The papillae were lined by tall, uniform, pseudostratified columnar epithelial cells. The nuclei were uniform and oval to elongated with mild to moderate nuclear atypia. A radical hysterectomy with bilateral salpingo-oophorectomy was performed and the tumor was consistent with a VGA of the cervix measuring 2× 1×0.8 cm without evidence of extracervical extension or nodal metastasis. However, endolymphatic tumor emboli were occasionally observed in the invasive fronts of the tumor (Fig. 3D ). There was no evidence of other coexistent lesions such as adenocarcinoma in situ or cervical intraepithelial neoplasia. An ancillary genotyping test for human papillomavirus (HPV; GG HPV genotyping chip, Goodgene, Seoul, Korea) revealed the presence of HPV infection, type undetermined. The patient received radiation therapy and showed no evidence of disease recurrence on her latest clinic visit at 13 months postoperatively.
Case 3
A 48-year-old woman visited the health promotion center for a comprehensive medical testing. The SurePath TM showed isolated or small sheets of columnar cells with slightly increased nuclear : cytoplasmic ratio in an inflammatory background. The nuclei were small, round to oval shaped and hyperchromatic. A diagnosis of "reactive cellular changes" was initially given; however, a punch biopsy taken simultaneously revealed a VGA, and on retrospective review of the LBC slide, atypical cytoarchitectural features such as papillary clusters (Fig. 4A) , nuclear palisading ( Fig. 4B ) and nuclear overlapping were seen, and some clusters contained atypical cells with nuclear membrane irregularity and prominent nucleoli. Moreover, some atypical cells demonstrated macronucleoli (Fig. 4C) . The biopsy specimen revealed an exuberant papillary proliferation of columnar epithelial cells with central fibrovascular cores (Fig. 4D) . Intracytoplasmic mucin was found in a majority of the tumor cells. The 
DISCUSSION
VGA is a rare subtype of cervical adenocarcinoma first described by Young and Scully, 2 which has been reported to have a more favorable prognosis compared to conventional adenocarcinomas. 1 It is characterized by numerous papillary villous structures which are lined by epithelial cells with only mild cytologic atypia. The epithelial cells may be mucinous or non-mucinous, and the central fibrovascular cores of the papillae usually have variable number of inflammatory cells. Associations between VGA and HPV and oral contraceptives have been reported. 3, 5, 7, 13, 14 The diagnosis of VGA has been demonstrated to be rather challenging on cytology as the cytologic features may be deceptively bland-looking, resulting in its misdiagnosis as reactive glandular cells. Indeed, the initial cytologic impression in one of our three cases was a reactive lesion and the neoplastic cell clusters could have been overlooked if it had not been for the simultaneous punch biopsy specimen that harbored a VGA. There are only a few reports to date describing the cytologic features of VGA; most reports are descriptions of conventional smears, [8] [9] [10] [11] and one other recent case report has described the ThinPrep LBC findings of an "endocervical adenocarcinoma with villoglandular features." 12 We report for the first time the SurePath TM LBC findings of VGA.
The cytologic features of our three cases were in many aspects compatible with the features previously described for conventional smears. [8] [9] [10] [11] In detail, the specimens were highly cellular in all three cases, and they all showed three-dimensional papillary structures with smooth contours. On higher magnification, nuclear crowding and overlapping could be seen and the individual tumor cells demonstrated increased nuclear: cytoplasmic ratios and nuclear hyperchromasia. Scattered mitotic figures were seen. On the other hand, while the previously reported VGAs were not generally associated with isolated single cells, all three cases in our series demonstrated this feature. In addition, the nuclei were oval or elongated but also somewhat irregular in shape and nucleoli were prominent, with some cells even demonstrating macronucleoli, in contrast to the previously reported VGAs where the nuclei were small, uniform and round to oval and nucleoli were indistinct or absent. There was also no evidence of a tumor diasthesis -the backgrounds of our three cases were rather clean except for scattered inflammatory cells. The latter differences may be attributed to the morphologic changes inherent to LBC preparations, such as the reduced background material and the fragmentation of cell clusters. However, as the nuclear details are better preserved on LBC specimens compared to conventional smears, important nuclear changes including nuclear membrane irregularities and prominent nucleoli can be appreciated better, facilitating the diagnosis of this well-differentiated type of adenocarcinoma by cytology. Prominent nucleoli and thick nuclear membranes have also been described by Wagner et al. 12 in their LBC (ThinPrep)-based case report.
It is also noteworthy that two patients in this series had risk factors for a poorer prognosis: one had lymph node metastasis, and the other case was associated with endolymphatic tumor emboli at the invasive front of the tumor. Although VGA has been associated with infrequent lymphovascular invasion and an excellent prognosis, with most case reports having demonstrated no evidence of recurrence after long-term follow-up, 2,5 a few have reported more advanced disease in occasional instances. 6, 14 Kaku et al. 6 emphasized that prior to making a decision to treat VGAs with a conservative approach, it is necessary to search for histologic signs of poor prognosis such as lymphovascular invasion.
The differential diagnoses of VGA encompass reactive endocervical cells, tubal metaplasia, adenocarcinoma in situ, squamous dysplasia involving the endocervical glands, and other types of cervical adenocarcinomas, such as serous papillary carcinomas. [8] [9] [10] [11] [12] Although the lack of obvious cytologic atypia may lead to the underdiagnosis of VGA, the presence of architectural abnormalities such as papillary fragments and nuclear crowding and overlapping are helpful clues to suspect the possibility of this tumor, and the presence of nuclear membrane irregulari- ties and prominent nucleoli on LBC preparations also suggest the possibility of adenocarcinoma. Tubal metaplasia is characterized by clusters of oval nuclei, finely granular chromatin, inconspicuous nucleoli and cilia. The cytologic features of endocervical adenocarcinoma and adenocarcinoma in situ may be similar to VGA, especially in LBC specimens where the nuclear features appear more pronounced; however, the typical features of peripheral nuclear palisading (feathering) in endocervical adenocarcinomas has been observed infrequently in VGAs, while VGAs demonstrate smooth-bordered three-dimensional papillary structures which are not frequently seen in the former lesions. Serous adenocarcinomas are usually characterized by overt cytologic atypia which is easily recognizable in both conventional smears and in LBC specimens. Squamous intraepithelial lesions involving the endocervical glands may also be considered in the differential diagnosis; however, these lesions demonstrate hyperchromatic nuclei, high nuclear: cytoplasmic ratios, small or inconspicuous nucleoli and cellular clusters show a loss of polarity. In addition, scattered atypical squamous cells are usually recognizable in the background.
In conclusion, VGA is a rare well-differentiated form of cervical adenocarcinoma that may be diagnosed at an advanced stage despite its grossly recognizable exophytic growth pattern and should not be missed on cytologic examination. In the absence of clinical information, the abnormal architectural patterns such as three-dimensional papillary structures, nuclear overlapping and nuclear hyperchromasia are important clues to suspect the possibility of a VGA. In addition, in contrast to conventional smears in which the tumor cells may be deceptively bland-looking, LBC preparations of VGA show better preserved nuclear details such as prominent nucleoli and irregular nuclear membranes which should facilitate its diagnosis.
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